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Frequency Reconfigurable Patch Antenna for 4G LTE Applications
Hassan T. Chattha1, 3, Maria Hanif2, 3, Xiaodong Yang4, *,
Inam E. Rana3, and Qammer H. Abbasi5
Abstract—A compact printed multi-band frequency reconﬁgurable patch antenna for 4G LTE
applications is presented in this paper (50 × 60 × 1.6mm3). The antenna consists of W-shaped and
Inverted-U shaped patch lines connected in a Tree-shape on the front side of the antenna. The back-
side of the antenna contains a 90◦-tilted T-shaped strip connected with an Inverted-L shaped strip
which is shorted with a patch on the front side for increasing the electrical length to cover lower
frequency bands. Frequency reconﬁgurability is achieved by inserting three switches i.e., PIN diodes.
The most critical part of this work is the designing of RLC-based DC line circuits for providing the
DC biasing to the PIN diodes used as switches and inserting them at optimum locations. This antenna
is reconﬁgurable among eight diﬀerent 4G LTE frequency bands including 0.9GHz, 1.4GHz, 1.5GHz,
1.6GHz, 1.7GHz, 1.8GHz, 2.6GHz, 3.5GHz and WLAN band 2.5GHz. The antenna exhibits diﬀerent
radiation patterns having a diﬀerent direction of peak gain at diﬀerent frequencies and for diﬀerent
switching combinations. The antenna is simulated with CST, and a prototype is fabricated to compare
the measured and simulated results with good accuracy.
1. INTRODUCTION
With the enhancement in the world of wireless communications, the need for multipurpose devices has
increased. This need can be fulﬁlled with reconﬁgurable antennas [1]. Reconﬁgurability can be achieved
in diﬀerent categories like frequency, polarization and radiation pattern reconﬁgurations [2, 3]. This
change is obtained by redistributing the antenna currents, thus, altering the electromagnetic ﬁelds of
the antenna’s eﬀective aperture. Regarding the adjustable parameters of the antennas, reconﬁgurable
antennas can be divided into many sub-categories which include frequency reconﬁgurable antenna,
pattern reconﬁgurable antenna, polarization reconﬁgurable antenna, frequency-polarization hybrid
reconﬁgurable antenna and frequency-pattern hybrid reconﬁgurable antenna among which frequency
reconﬁgurable antennas are found more in the literature [4–6].
There are diﬀerent techniques used for making the antenna reconﬁgurable. One of the techniques
is the addition of an electrical device like RF MEMS, PIN diodes and the varactors. Other techniques
include photoconductive (optical), physical structural alteration and use of materials like liquid crystal
and ferrites [3]. In literature, numerous reconﬁgurable antennas are found using these diﬀerent
techniques. In [7], pin diodes were used to cover the 5.25 and 5.75GHz portion of the wireless LAN
spectrum. The authors in [8] incorporated three PIN diodes to cover Wi-Fi and WiMAX portion of the
electromagnetic spectrum. In [9], they designed a reconﬁgurable microstrip antenna for the frequency
bands of 2.4GHz and 5.6GHz having RF PIN diodes inserted as switches. A circular patch microstrip
feed reconﬁgurable antenna for WLAN wireless communications was presented in [10]. In [11], the
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authors designed a reconﬁgurable UWB antenna and incorporated it with RF-MEMS which made it
capable of on-demand WLAN rejection. An antenna aware of its surroundings by incorporating IR
sensors was presented in [12]. A miniaturized antenna for multi-radio wireless communication was
presented in [13] which used PIN diodes for achieving reconﬁgurability. [14] presented a reconﬁgurable
antenna for wireless temperature sensing. In [15], the authors presented an antenna capable of
working between 2.4–2.57 GHz which can switch its polarization from left-hand to right-hand circular
polarizations and vice versa. A frequency reconﬁgurable antenna covering LTE bands having MIMO
capabilities was presented in [16]. Antenna presented in [17] works between 2–3.2GHz and achieves
reconﬁgurability by using RF MEMS switches. The design and analysis of an RF MEMS based
reconﬁgurable antenna for use in the United States public safety bands are presented in [18]. [19]
presented a small RF MEMS switched planar Inverted-F antenna capable of operation in ﬁve cellular
radio frequency bands. The authors in [20] presented a reconﬁgurable PIFA using a switchable PIN
diode and a ﬁne-tuning varactor for USPCS (1.85–1.99 GHz), WCDMA (1.92–2.18 GHz), and WLAN
(5.15–5.825 GHz) bands. In [21], the authors presented a varactor diode based reconﬁgurable mobile
antenna covering a frequency band between 1.7GHz and 2.4GHz. A reconﬁgurable patch antenna
possessing an E-shaped structure is presented in [22] where the operation frequency is changed by
integrating switches. Ali et al. developed four reconﬁgurable antenna elements, including the Yagi, the
corner-fed triangular loop, center-fed equilateral triangular loop and rectangular spiral reconﬁgurable
antennas to work at 2.45GHz and 5.78GHz bands [23]. A frequency reconﬁgurable patch antenna, by
applying the Finite-Diﬀerence Time-Domain method, was presented in [24]. [25] presented an annular
slot antenna using PIN diodes to reconﬁgure the impedance match and modify the radiation pattern of
the antenna. Optically controlled frequency reconﬁgurable microstrip antennas are presented in [26, 27].
A microstrip patch antenna operating in 5GHz range is presented in [28] where tuning was achieved
using liquid crystal. [29] presented a circular beam steering reconﬁgurable antenna with liquid metal
parasitics. The variation in the height and the angular position of the ground plane was exploited to
tune the frequency response of a reconﬁgurable antenna presented in [30]. In some papers found in
literature, the reconﬁgurable antennas are presented in which the switches are assumed ‘ON’ and ‘OFF’
only in simulations by replacing the diodes (used as switches) with their equivalent circuits values of
resistance, capacitance and/or inductor in their ‘ON’ and ‘OFF’ states and just showing the simulated
results, and no DC biasing mechanism is provided for changing the states of the switches physically
or electronically. In [31–33], the authors have presented reconﬁgurable multi-band printed monopole
antennas for diﬀerent wireless applications. However, they have assumed switches ‘ON’ and ‘OFF’ only
in simulations and have presented simulated results only. Similarly, the authors in [34] have proposed
a microstrip-fed planar antenna covering four diﬀerent frequency bands including 900MHz, 1.8GHz,
2.4GHz and 3.5GHz. The three switches, added for reconﬁgurability, are assumed in ‘ON’ and ‘OFF’
states in simulations only and the results of simulations are presented in tabular form only with no DC
biasing mechanism for changing the states of the switches. A similar situation is found in [35, 36] where
frequency reconﬁgurable planar Inverted-F antennas are proposed for diﬀerent wireless applications.
In this paper, we have proposed a reconﬁgurable printed patch antenna capable of communication
over eight diﬀerent 4G LTE bands. The reconﬁgurability in this patch antenna is achieved using three
RF PIN diodes as switches. PIN diodes are the devices having high switching capabilities and can
be made to act as a short circuit, an open circuit or exhibiting any desired reﬂection coeﬃcient in
between [37]. Control of active components, i.e., PIN diodes, is the main and critical part of this
reconﬁgurable antenna. These switches are controlled by three separate DC lines. But as DC lines are
also conducting elements, they interrupt the path of current, so to cut them from radiating part of the
antenna, the inductors are added in DC lines. The capacitors are inserted between the DC sources and
the ground plane to avoid the ﬂow of DC current to the ground.
The paper is organized as follows: Section 2 describes the antenna design conﬁgurations, and
Section 3 explains the DC biasing of the PIN diodes used as switches. Section 4 discusses and
compares the results of reﬂections coeﬃcients and radiation patterns achieved through simulations and
measurements whereas Section 5 shows the current distributions on diﬀerent patches of the antenna at
diﬀerent frequencies to get an insight and the behavior of these patches at working frequencies.
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2. ANTENNA DESIGN CONFIGURATION
The top view of the proposed antenna is shown in Fig. 1 having a compact dimension of 50×60×1.6 mm3.
The front/top side of the antenna consists of ﬁve patches. These front-side patches are placed in a W-
shaped and Inverted-U shaped structure giving a look of a tree. The proposed antenna is designed on
a substrate of material FR4 having a dielectric constant of 4.4 and thickness of 1.6mm with a copper
layer of thickness 0.1mm. To make the proposed antenna work for diﬀerent 4G LTE bands, we need to
change the current densities and the electrical length of the antenna. For this purpose, three RF silicon
PIN diodes to work as switches are inserted in the antenna structure as shown in Fig. 1. The silicon
PIN diodes used as switches have the model BAR64 by Inﬁneon Technologies with a working frequency
range from 1MHz to 6GHz. For simulation purposes, we need to see its equivalent circuits in ‘ON’
and ‘OFF’ states. This diode has a very low forward resistance of 2.0Ω in forward biased condition
and a parallel combination of resistance 3KΩ and a capacitance of 0.17 pF in reverse biased condition.
These values are used in the simulations of this antenna design in ‘ON’ and ‘OFF’ states of the PIN
diode used as a switch. The three PIN diodes used as switches are named as Switch 1, Switch 2 and
Switch 3. Switch 1 is placed between Patch 1 and Patch 2. Switch 2 is placed between Patch 2 and
Patch 3 whereas Switch 3 is placed between Patch 4 and Patch 5 as shown in Fig. 1. By switching
these diodes ‘ON’ and ‘OFF’, the antenna achieves reconﬁgurability. In order to operate/activate these
diodes, DC biasing is needed. For this purpose, three DC lines are added in the antenna design which
is explained in the next section. The width of all the patches on the front and the back sides is the
same and is equal to WSP = 3.5mm. The vertical lengths of Patches 1, 2, 3, 4 and 5 are Ls4, Ls3, Ls2,
Ls5 and Ls1 respectively. The horizontal length of Patch 4 is Ls12 whereas that of Patch 5 is Ls6. The
vertical heights of the Patch 1, Patch 3 and Patch 5 from the bottom end of the antenna are H1, H2
and H3 respectively. The detailed dimensions of the front side of the antenna are shown in Table 1.
The bottom side of the antenna also contains two patches and a ground plane as shown in Fig. 2. One
of the patches placed on the back side of the antenna has a 90◦-tilted T-shaped structure connected
with the patch having an Inverted-L shaped structure which is shorted with Patch 5 on the front side
through the substrate. The vertical and horizontal lengths of the T-shaped patch are Ls7 = 40mm
and Ls10 = 45mm respectively. Similarly, the vertical and horizontal lengths of the L-shaped patch
are Ls8 = 19mm and Ls9 = 31.5mm respectively. The inverted-L shaped patch is connected to the
T-shaped patch at a distance Ls11 = 12.8mm. The width of these two patches on the back side is also
the same as that of in the front side and is equal to WSP = 3.5mm. The ground plane dimensions of
this antenna are much smaller than the overall dimensions of the antenna and are equal to Lw × Gw
(10.5 × 50mm2).
Figure 1. Top view of the proposed reconﬁg-
urable patch antenna.
+5V DC for 
  Switch 1
+5V DC for 
  Switch 2
+5V DC for 
   Switch 3
AC and DC 
   GroundAC Feed
Figure 2. Bottom view of the proposed
reconﬁgurable patch antenna.
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Table 1. Antenna dimensions.
Parameters Dimensions (mm) Parameters Dimensions (mm)
Ws 50 Ls6 21.75
Ls 60 Ls12 16.45
Ls1 25.5 H1 17.5
Ls2 18 H2 28
Ls3 53 H3 27.5
Ls4 32 Wsp 3.5
Ls5 13
3. DC BIASING
For the proposed antenna to be reconﬁgurable, the silicon PIN diodes are used as switches. However,
the PIN diode needs a DC input for activation, whereas the antenna works on an AC input.
For DC biasing of the PIN diodes, three λ/4 DC lines are added in the antenna structure as shown
in Fig. 1. The lengths of these λ/4 lines are calculated through the use of microstrip transmission
line theory [38]. For example, using microstrip transmission line theory, the λ/4 length of the DC line
connected to Patch 1 comes equal to around 27mm corresponding to the relative permittivity of the
substrate εr = 4.4, width of patch Wsa = 3.5mm, height of substrate t = 1.6mm and the length of
patch Ls4 = 34mm. Similarly, for Patches 3 and 4, the corresponding lengths of λ/4 DC lines are found
equal to be around 34mm and 38mm respectively. To select the position of connection of DC line with
the corresponding patch, the current distribution at diﬀerent frequencies is observed on the respective
patch, and the connection point is selected where current is found minimum on the patch, so that it
minimally aﬀects the ﬂow of AC current on the patch and to reduce the AC current ﬂow through the
DC line.
However, the presence of DC lines disturbs the ﬂow of AC current and provide an alternative path
to the ﬂow of AC current. So, to avoid the AC current to ﬂow through the DC lines, the inductors need
to be inserted in the path of DC lines. As inductors work as RF chock which stops AC current from
ﬂowing. The value of the inductor is calculated per the minimum operating frequency of the antenna.
Since the minimum operating frequency of the antenna is 0.9GHz and above, we can safely assume the
value of 0.8GHz for calculating the value of inductors to be used in each DC line. Since the inductor
impedance should be high to avoid the ﬂow of AC current, the value of inductor impedance should be
greater than 500, i.e., XL ≥ 500. So
XL = 2πfL
L =
XL
2πf
L =
500
2× π × 0.8× 109 = 99.5 nH (1)
A resistor of 1KΩ is inserted in the DC line to control the ﬂow of DC current. The circuit schematic
of a DC line is shown in Fig. 3. As shown in Fig. 3, it contains a capacitor between the +5-volt DC
source and the ground. The insertion of a capacitor serves two purposes; it blocks the DC current to
ﬂow to the ground, and it acts as a short circuit for AC current and thus stopping AC current from
ﬂowing through the DC source. Since the capacitor is serving as an AC short-circuit, its impedance is
assumed as low as 1Ω. And, like the inductor case, the value of frequency is taken as 0.8GHz. So
XC =
1
2πfC
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+5 volt DC
L = 99 nH
R = 1 KΩ
C =  0.2 nF
Patch
Figure 3. The circuit schematic of the DC line.
Copper removed
DC Supply
Capacitor (C)
Antenna Ground
Figure 4. The physical mechanism used to
connect DC supply through the ground plane.
C =
1
2πfXC
C =
(
1
2× 3.14 × 0.8 × 109
)
= 0.2 nF (2)
As shown in Fig. 1, one end of the DC lines is shorted to the patches whereas the DC source is
connected to the other end of the DC lines through the substrate as shown in Fig. 2. As can be seen in
Fig. 2, three DC sources are connected on the bottom side of the antenna by removing/etching small
circular slots in the ground plane. To stop the DC current from ﬂowing to the ground, a capacitor
of 0.2 nF, calculated above, is inserted between the DC source and the ground plane. Fig. 4 clearly
highlights the physical mechanism used to connect a DC supply to the DC line through the ground
plane. The proposed antenna is simulated in CST Microwave Studio v. 12.
4. RESULTS AND DISCUSSION
For measurement purposes, a prototype of the proposed reconﬁgurable antenna is fabricated as shown in
Fig. 5. Instead of using one inductor of 99 nH, three surface mount inductors of 33 nH each are inserted
at an equal distance from each other in each DC line. The measurement setup used to measure the
Figure 5. A fabricated prototype of the reconﬁgurable antenna.
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Table 2. Frequency bands covered by diﬀerent switching combinations.
Switching Modes Frequency Bands Covered (GHz)
Case 1 (000) 2.5 2.6
Case 2 (001) 1.4 1.8 2.6
Case 3 (011) 1.7 2.6
Case 4 (100) 1.5 1.6
Case 5 (101) 0.9 1.5, 1.6, 1.7 2.6
Case 6 (110) 1.5 1.6 3.5
Case 7 (111) 1.5 1.6 2.6
reﬂection coeﬃcient S11 in dB consists of a Keysight FieldFox (N9916A) Microwave Network Analyzer
having a frequency range of up to 14GHz and three DC supplies.
As three PIN diodes are used as switches in this reconﬁgurable antenna, there are eight possible
combinations depending on the ‘ON’ and ‘OFF’ state of each PIN diode used as a switch. In this
paper, we present the results of all the possible combinations except for only one combination where
the results are not in any of the required bands. The switches are numbered as shown in Fig. 1. The
cases/modes presented in this paper in binary numbers are 000, 001, 011, 100, 101, 110, and 111 where
0 means the switch is in ‘OFF’ state, and 1 means the switch is in ‘ON’ state. The state of Switch 1 is
presented by the binary number on the right in the combination, and middle binary number presents
the state of Switch 2, whereas the state of Switch 3 is presented by the binary number on the left in
the combination. Table 2 shows all the cases presented in this paper along with the frequency bands
covered corresponding to the diﬀerent switching modes. Some frequency bands are covered by diﬀerent
states. It is because we want to have diﬀerent frequency combinations from which we can select the
frequency combination as per requirement/demand. For example, as shown in Table 2, the 2.6GHz
band is covered by states 000, 001, 011, 101 and 111 along with diﬀerent frequency bands, but it is not
at all covered by states 100 and 110. Therefore, as per requirement, the 2.6GHz can be chosen with
diﬀerent frequency bands, and if required, it can be avoided by selecting the states where it is not at
all covered.
Reﬂection coeﬃcients S11 for all the presented cases are measured and compared with the simulated
ones described as follows which are found generally in good agreement where small variations are
attributed to manufacturing tolerance.
4.1. Case 1 (000)
The ﬁrst case presents the situation where all the switches are in ‘OFF’ states. The simulated and
measured results of the reﬂection coeﬃcient S11 in dB are shown in Fig. 6. From the results, it is
obvious that the proposed antenna covers 2.5GHz WLAN band and 2.6GHz LTE band for our criteria
of S11 < −10 dB. The result shows that the antenna structure also resonates in the 3GHz band; however,
it does not come in our bands of interest.
4.2. Case 2 (001)
Case 2 presents the situation when Switch 2 and Switch 3 are in ‘OFF’ states and the Switch 1 is in
‘ON’ state. The simulated and measured results of reﬂection coeﬃcient S11 in dB are shown in Fig. 7.
From the results, the proposed antenna covers 1.4GHz, 1.8GHz, and 2.6GHz LTE bands.
4.3. Case 3 (011)
Case 3 presents the situation when Switch 1 and Switch 2 are in ‘ON’ states and switch 3 in ‘OFF’
state. The simulated and measured results of reﬂection coeﬃcient S11 are shown in Fig. 8. From the
results, the proposed antenna covers 1.7GHz and 2.6GHz LTE bands.
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Figure 6. Measured and simulated reﬂection
coeﬃcient S11 when all the switches are ‘OFF’
(000).
Figure 7. Measured and simulated reﬂection
coeﬃcient S11 when only Switch 1 is ‘ON’ (001).
4.4. Case 4 (100)
Case 4 presents the situation when Switch 1 and switch 2 are in ‘OFF’ states and Switch 3 in ‘ON’
state. The simulated and measured results of reﬂection coeﬃcient are shown in Fig. 9. From the results,
the proposed antenna covers only 1.5GHz and 1.6GHz LTE bands.
Figure 8. Measured and simulated reﬂection
coeﬃcient S11 when only Switch 3 is ‘OFF’ (011).
Figure 9. Measured and simulated reﬂection
coeﬃcient S11 when only Switch 3 is ‘ON’ (100).
4.5. Case 5 (101)
Case 5 presents the situation when Switch 1 and Switch 3 are ‘ON’, and Switch 2 is ‘OFF’. The
simulated and measured results of reﬂection coeﬃcient are shown in Fig. 10. From the results, the
proposed antenna covers 0.9GHz, 1.6GHz, and 2.6GHz LTE bands.
4.6. Case 6 (110)
Case 6 presents the situation when Switch 1 is ‘OFF’, and Switches 2 and 3 are in ‘OFF’ states. The
simulated and measured results of reﬂection coeﬃcient are shown in Fig. 11. From the results, the
proposed antenna covers 1.5GHz, 1.6GHz, and 3.5GHz LTE bands.
4.7. Case 7 (111)
Case 7 presents the situation where all the switches are in ‘ON’ states. The simulated and measured
results of reﬂection coeﬃcient are shown in Fig. 12. From the results, the proposed antenna covers
1.5GHz, 1.6GHz, and 2.6GHz LTE bands.
It is clear from the above-mentioned results of reﬂection coeﬃcients for S11 < −10 dB that this
reconﬁgurable antenna covers nine diﬀerent LTE/WLAN frequency bands including 0.9GHz, 1.4GHz,
1.5GHz, 1.6GHz, 1.7GHz, 1.8GHz, 2.5GHz, 2.6GHz, and 3.5GHz bands under diﬀerent switching
combinations/modes.
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Figure 10. Measured and simulated reﬂection
coeﬃcient S11 when only Switch 2 is ‘OFF’ (101).
Figure 11. Measured and simulated reﬂection
coeﬃcient S11 when only Switch 1 is ‘OFF’ (110).
Figure 12. Measured and simulated reﬂection coeﬃcient S11 when all the switches are ‘ON’ (111).
(a) (b)
Figure 13. 2D radiation patterns at diﬀerent frequencies when only Switch 2 is ‘OFF’ (101) for (a)
XZ (Φ = 0◦) plane (b) XY (θ = 90◦) plane.
To see pattern variations, we need to check the radiation patterns of this antenna at diﬀerent
frequency bands to see the pattern changes under diﬀerent switching combinations.
First, we take the case of 101, when Switch 1 and Switch 3 are ‘ON’, and Switch 2 is in ‘OFF’
state. Fig. 13 shows the normalized 2D radiation patterns of this antenna in dB for XZ (Φ = 0◦) and
XY (θ = 90◦) planes at frequencies 0.91GHz, 1.61GHz, 2.64GHz, and 2.9GHz. It can be seen that
radiation patterns are quite diﬀerent from each other at each frequency band. This is because diﬀerent
patches on the front and bottom sides are excited to produce resonance at these diﬀerent bands which
produce diﬀerent radiation patterns.
To further elaborate the pattern changes/variations, Fig. 14 shows the 3D radiation patterns in
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(a) (b)
(c) (d)
(e) (f)
Figure 14. 3D radiation pattern of reconﬁgurable antenna at diﬀerent frequencies under diﬀerent
switching combinations/cases. (a) 2.64GHz for case 1 (000), (b) 1.4GHz for case 2 (001), (c) 1.7GHz
for case 3 (011), (d) 0.91GHz for case 5 (101), (e) 3.4GHz for case 6 (110) (f) 2.6GHz for case 7 (111).
linear scale at diﬀerent frequencies under diﬀerent switching combinations. Fig. 14(a) shows the 3D
radiation pattern at 2.64GHz for case 1 (000) when all the switches are ‘OFF’ and depicts that the
pattern at this frequency is mainly directed towards around Φ = 270◦, and the peak gain found is
4.742 dBi. The 3D radiation pattern at 1.4GHz for case 2 (001) when only Switch 1 is ‘ON’, and
Switches 2 and 3 are ‘OFF’ is mainly directed towards around Φ = 210◦ as shown in Fig. 14(b) with the
peak gain of 2.293 dBi. At 1.7GHz for case 3 (011) when only Switch 3 is ‘OFF’, the 3D radiation pattern
is mainly directed towards around Φ = 160◦ having a peak gain of 2.912 dBi as shown in Fig. 14(c). For
case 5 (101) when only Switch 2 is ‘OFF’, and Switches 1 and 3 are ‘ON’, the 3D radiation pattern at
0.91GHz is found mainly directed towards around Φ = 40◦ having a peak gain of 2.29 dBi as shown in
Fig. 14(d). Fig. 14(e) shows the 3D radiation pattern at 3.4GHz for case 6 (110) when only Switch 1 is
‘OFF’, and Switches 1 and 2 are ‘ON’ and depicts that the pattern at this frequency is mainly directed
towards around Φ = 30◦, and the peak gain found is 4.097 dBi. At 2.6GHz for case 7 (111) when all the
switches are ‘ON’, the 3D radiation pattern is mainly directed towards around Φ = 90◦ having a peak
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gain of 3.899 dBi as shown in Fig. 14(f). It is also evident from Figs. 13 and 14 that since the antenna is
lying on XY plane, it has directed beams with respect to Φ whereas it has isotropic or omnidirectional
radiation patterns with respect to θ. It is concluded that the radiation patterns at diﬀerent frequencies
under diﬀerent switching combinations are quite diﬀerent from each other which can be exploited in
a future work to get pattern diversity in which diﬀerent radiation patterns are achieved for diﬀerent
switching combinations. From Fig. 14, it is also evident that the higher the frequency is, the higher the
peak gain would be, which will be explained in the next section.
5. DESIGN THEORY AND CURRENT DISTRIBUTIONS
Now the questions arise: How does this antenna cover diﬀerent frequency bands under diﬀerent switching
combinations? How does this antenna produce diﬀerent radiation patterns at diﬀerent frequencies? And
what is the reason that a higher resonant frequency achieves high peak gain? To answer these questions,
we take help from the theory of monopole antennas [39]. We know that for a monopole antenna to
produce resonance, its length should be equal to λ/4 where λ is the wavelength corresponding to the
resonant frequency. Since this reconﬁgurable antenna consists of considered like monopole antennas.
Therefore, for the patch/patches to produce resonance at a typical frequency, its length should be equal
to λ/4 where λ is derived from that typical frequency. Therefore, the lower the frequency is, the higher
should be the length of the patch to make it equal to λ/4 for producing resonance at that frequency. This
justiﬁes the extension of patches on the bottom side of the antenna to increase the electrical length of
the antenna to produce resonance at lower frequency bands such as 0.9GHz. So, for diﬀerent switching
combinations, diﬀerent patches come into the circuit which produces resonance when their electrical
length becomes equal to λ/4 corresponding to the resonant frequency. Since under diﬀerent switching
combinations, diﬀerent patches having diﬀerent lengths come into the circuit, it produces diﬀerent
radiation patterns as the current distribution is diﬀerent for diﬀerent switching combinations/cases. As
the length required to produce resonance at lower frequency is higher such as at 0.9GHz, the current
is distributed on both sides (top and bottom) of the antenna and on both left and right hand sides of
the feeding middle patch (Patch 2), which produces relatively omnidirectional radiation pattern having
lower peak gain, whereas at higher frequencies such as 2.6GHz and 3.4GHz, the length required to
produce resonance is smaller; therefore, the current is distributed on smaller lengths and mainly on one
side (left or right) of the middle patch to produce radiation patterns with higher peak gains.
To validate this theory and understand the working mechanism of this reconﬁgurable antenna
at diﬀerent frequencies under diﬀerent switching combinations/cases, the current distributions/surface
currents at diﬀerent frequencies for diﬀerent cases/switching combinations are shown in Figs. 15–20
where the front side of the antenna is made bold, and back side is dimmed to make the picture
understandable avoiding confusion.
It is obvious from these current distributions that at higher frequencies, the current is distributed
only on smaller lengths (including top and bottom side) and mainly on one part/some parts (right, left,
Figure 15. Surface current for case 1 (000) at
2.64GHz.
Figure 16. Surface current for case 2 (001) at
1.4GHz.
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Figure 17. Surface current for case 3 (011) at
1.7GHz.
Figure 18. Surface current for case 5 (101) at
0.91GHz.
Figure 19. Surface current for case 6 (110) at
3.4GHz.
Figure 20. Surface current for case 7 (111) at
2.6GHz.
upper portion, lower portion) of the antenna structure to produce relatively directive radiation pattern
as evident from Figs. 15, 19, and 20, whereas at lower frequencies such as at 0.91GHz, 1.4GHz, and
1.7GHz, the current is distributed on larger lengths of the patches (including top and bottom sides)
of the antenna and on majority parts (right, left) of the antenna to produce radiation patterns with
comparatively lower peak gains as shown in Figs. 16, 17 and 18. As shown in Fig. 18, the current is not
only distributed on top and bottom sides of the antenna but also on both right and left hand sides in
the bottom plane to produce the length of λ/4 corresponding to 0.91GHz, having an omni-directional
radiation pattern with lower peak gain.
6. CONCLUSION
A novel reconﬁgurable antenna design is presented in this paper. It operates in diﬀerent LTE and
GSM bands. Frequency reconﬁgurability is achieved with the help of three RF PIN diodes, and DC
lines are inserted to control PIN diodes. A prototype of the proposed antenna is fabricated to verify
the results. The theory behind the design is discussed, and the current distributions under diﬀerent
switching combinations are shown to validate the theory and the obtained results.
The radiation patterns prove that this antenna also exhibits pattern reconﬁgurability at diﬀerent
frequencies for diﬀerent switching combinations. The proposed antenna has a great potential in
becoming an integral part of future mobile communication.
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